ABSTRACT.-Nest and egg successes are documented for open-nesting bird species in a variety of riparian habitats in central Iowa. In most species, nest success was higher during the nestling period than during the incubation period. Causes of nest failure in order of decreasing importance were: predation by birds, snakes, or small mammals; predation by large mammals; desertion; cowbird parasitism; natural disasters.
a This computation includes hatching success (see Mayfield 19751 , w h ere it was determined for at least five clutches.
Q Percent success was not calculated because fewer than five nests were sampled during the nestling period.
sition was attributed to larger mammals. Also, the surrounding vegetation sometimes was matted down.
Nests showing no sign of disturbance but from which the contents had been removed were considered to have been lost to birds, snakes, or small mammals. Robertson (1972) , Thompson and Nolan (1973) , Beaver (1975) , Best (1978) , and Nolan (1978:413-416) used similar criteria for distinguishing these categories of nest predation.
We calculated nesting success using Mayfield' s (1975) Nest losses involved only whole-brood losses, whereas egg or nestling losses included both whole-brood and within-brood losses. When calculating "nest-days" and "egg-days," losses were assumed to have occurred midway through the interval between nest visits. Nests were considered successful if the young were scheduled to fledge (herein "fledge" refers to leaving the nest) during an interval between nest visits and if, on the later visit, the nest was found empty with no evidence of disturbance. Some predation during the final days of the nestling period (particularly by snakes, birds, and small mammals) may have occurred unnoticed, resulting in overestimates of nesting success in some instances. Incubation and nestling periods were obtained from the species accounts in Bent et al. .
Hatching success was determined for nests found before hatching that remained active and undisturbed through this phase of the nesting cycle. Egg losses before hatching should not have biased the results, assuming that predators and cowbirds did not preferentially select or avoid infertile or addled eggs. We evaluated six variables considered possible influences on nesting outcome: adult body weight; date; nest height; nest concealment; vegetation form supporting the nest; and habitat type. Weights of adult birds of the species studied were obtained from the literature (see Table 3 ). Date of nest initiation either was determined by direct observation of nest building or was estimated by back-dating from known stages in the nesting cycle. Height was measured directly for lower nests and by use of a range-height finder for the higher nests. Cover, both above and below nests, was visually estimated as poor, fair, good, or excellent, yielding concealment-index values of 1 through 4, respectively. Overall concealment was determined by summing values above and below the nest. These visual estimates correl,ated closely with measurements of relative light intensity taken immediately above and below nests. Visual estimates were used because they were more easily obtained than light intensity measurements, particularly for less accessible nests. The life-forms of plants providing nest support were categorized as grasses (or grass-like plants), forbs, shrubs, deciduous saplings (< 3 m tall), deciduous trees (> 3 m), and evergreen trees. Ground nests were assigned the life-form of the principal plant affording cover, and nests in vines (n = 12) were assigned the life-form most similar to the structure of the vine. General habitat was classified as upland woodland, floodplain woodland, scrub, or open herbaceous cover. Statistical significance was set at P < 0.05. Percentages of nest success and egg or nestling success differed much more during the nestling period than during incubation (Table 1) . This was particularly evident in Rose-breasted Grosbeaks, Redwinged Blackbirds, Brown Thrashers, Field Sparrows, Cardinals, and Gray Catbirds. In these species, nestling success was lower than nest success during the nestling period, largely the result of within-brood losses.
RESULTS AND DISCUSSION
The percentage of eggs hatching in 139 nests was 93% of those present at hatching time and ranged from 83% to 100% for individual species (Table 2) .
FACTORS POTENTIALLY AFFECTING NESTING OUTCOME
The 302 nesting attempts were divided into six categories of outcomes: 124 successfully fledged at least one young, 104 presumably were disrupted by avian, snake, or smallmammal depredation, 36 probably were destroyed by large mammals, 15 were deserted for unknown causes, 14 failed as a result of cowbird parasitism (desertion, removal of all host eggs, or loss of all host young), and 9 were lost from natural disasters (dislodged by growth of nest-support vegetation, wind, or branch falling on nest). Predators were the major cause of nest failure (79% of all nest losses; see also Lack 1954 :77, Nolan 1963 , Ricklefs 1969 . The relationships among the six factors thought to influence nesting success and the nesting outcomes were tested statistically by chi-square contingency analyses. Analyses were run for classes of each factor comparing all nesting outcomes simultaneously (n x 6) and also comparing nests of each individual outcome with all other nests combined (n x 2). Some nesting outcomes are combined in Tables 3 and 4, but the analyses were run using all six of the original outcomes. Body weight. Adult body weights were categorized into 20-g classes (Table 3 ). The contingency analysis comparing all nesting outcomes with the weight classes was highly significant (x2 = 61.16, df = 20). No pattern was evident between body weight and either the number of nests successfully fledging young or the number lost to avian, snake, or small-mammal predators, although both comparisons were significant. The influence of adult size on nest susceptibility very likely differs among these three sources of predation and could account for the lack of a consistent trend. Perhaps size does not directly affect this nesting outcome. Montevecchi (1976) , however, reported that smaller eggs (associated with smaller birds) were more vulnerable to Common Crow predation than were larger eggs.
Incidence of large-mammal predation decreased consistently as body weight increased. This suggests that larger birds are better able to defend their nests against large mammals and (or) that nests of larger birds are less vulnerable to these predators. 
RELATIONSHIPS AMONG FACTORS
Relationships among the six variables potentially affecting nesting outcome were compared statistically (analysis of variance, correlation analysis, chi-square contingency analysis) to determine possible interaction effects. That is, nesting outcomes were ignored, and for each nest, the factors were analyzed to determine the degree to which they varied independently.
General habitat was excluded from these comparisons because it showed no observable relationship to nest success. To provide a more extensive sample, data from all located nests were used, including nests for which nesting outcome was not recorded. This additional sample included nests that were inaccessible for monitoring nesting success and those that were identifiable to species but found after active nesting. The former accounts for the substantial increase in the number of nests sampled from deciduous trees. Sample sizes vary slightly from one analysis to another because not all variables were recorded at every nest.
Mean body weights (using midpoints of 10-g classes) of adults of the nesting species decreased significantly from April through July (F = 21.43, df = 3/485); means and standard deviations for the four months were, respectively, 93 + 88, 58 ? 35, 42 + 33, and 35 + 29 g. This suggests that larger species tend to nest earlier in the season or to renest less often than smaller species. Bird weight was not correlated significantly with nest height, but was related inversely to nest concealment (r = -0.318, n = 489). Larger birds may be better able to defend their nests and are outside the obtainable prey size range of many predators; thus they probably rely less on concealment than smaller birds. Also, herbaceous plants, which afforded the best nest concealment (see below), provided less suitable nest support for larger species than did woody vegetation. Mean body weights differed significantly among the herbaceous, shrub/sapling and tree nest-support life-forms ( Fig. 2 ), but the difference was greater for cover below. Nests in grass had more cover below than above, mainly because they generally were placed at or near the ground. Nests in deciduous trees had much less cover below them than above, and to a lesser degree the same was true for those in shrubs. Nests placed in these plant forms generally have a protective canopy of numerous branches, twigs, and leaves, but the space below the nest may be quite open. (Fig. 3) . Thus, it is informative to evaluate those nest-site characteristics that may influence the probability of nesting success. In our study, adult body weight was related significantly to the greatest number of nesting outcomes; general habitat type presumably was unimportant. Considering statistically significant relationships and (or) consistent trends, incidence of large-mammal predation was influenced bybirdb d ' o y size, date of nest initiation, nest height, and nest concealment. Frequency of predation by birds, snakes, or small mammals was affected by bird size, as was nest loss from cowbird parasitism. Vegetation form supporting the nest influenced the number of losses resulting from natural disasters. We considered any area adjoining a stream as riparian, whether it was restricted to the floodplain proper or included adjacent upland habitat; consequently, our results are applicable to both lowland and upland situations. However, we did not exhaust the list of possible factors that could affect nesting outcome (e.g., Anderson and Storer 1976). More research in different habitats and other geographical areas will be required to define all constraints on the nesting success of open-nesting altricial species.
